Abstract Existing therapies against infectious diseases may only be effective in limited subpopulations during specific phases of diseases, incorporating theranostics, and there is a clear need to individualize different therapeutic approaches depending on the host. Influenza A virus infection evolves into a severe respiratory failure in some young adult patients, related to an exaggerated inflammatory response. Mortality rates remain high despite antiviral treatment and aggressive respiratory support. The influenza A virus (IAV) infection will induce a proinflammatory innate immune response through recognition of viral RNA by Toll-like receptor (TLR) 7 and retinoic acid-inducible gene 1 (RIG-I) molecules by nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB route). Anti-inflammatory therapies focused on modulating this inflammatory response to Ball patients^have not been satisfactory. Steroids should be avoided because they do not improve survival and promote superinfections. Since clinical judgment has often been proven inadequate, interest in the use of biomarkers to monitor host response and to assess severity and complications is growing. It is well known that, if used appropriately, these can be helpful tools to predict not only severity but also mortality. We need more biomarkers that predict host response: it is time to change lactate measurement to proteomics and transcriptomics. Theranostics describes an approach covering both diagnosis and coupled therapy. Death is usually a fatal complication of a dysregulated immune response more than the acute virulence of the infectious agent. Future research demonstrating the usefulness of adjunctive therapy in a subset of critically ill patients with IAV pneumonia is an unmet clinical need.
Introduction
Young adults that were more vulnerable to infection and mortality had an inverted U-shape in the 1918 influenza pandemic [1] . This was re-observed in the 2009 pandemic [2] . Years later, influenza A virus (IAV) infection remained an important cause of intensive care unit (ICU) admission. Existing therapies are likely to be effective only in limited subpopulations during specific phases of diseases. The concept of Bprecision medicine^in prevention and treatment strategies that take individual variability into account has been used to guide blood transfusions for more than a century. The prospect to apply this concept more broadly has been improved by the recent development of large-scale biological databases (such as the Human Genome Project), powerful methods for characterizing patients (proteomics, metabolomics, transcriptomics, etc.), and computational tools to interrogate large datasets. Interaction between influenza and the host defines outcomes, whereas identification of subsets with influenza has recently been documented [3] (Fig. 1) .
The role of immunity and the host response
The host perspective covers genetics, transcriptomics, and metabolomics, with implications for diagnosis and treatment. An individual history of immune-compromise, treatment with immune-suppressive drugs, hematologic diseases, or acquired immune deficiency syndrome (AIDS) is not related to the incidence and poor prognosis of IAV pneumonia [4, 5] . Transcription profiling of individual neutrophils via singlecell mRNA sequencing has been reported, with higher expression of inflammatory genes in non-survivors with shock. Antigen presentation in tRNA charging can explain prolonged viral shedding, influencing interferon signaling. Innate immune responsiveness is known to be different in different subjects. The IAV will induce a proinflammatory innate immune response through the recognition of viral RNA by tolllike receptor 7 (TLR7) and retinoic acid-inducible gene 1 (RIG-I) molecules, that induce the production of proinflammatory cytokines mediated nuclear factor kappa-light-chainenhancer of activated B cells (NF-κB route) and activate the antiviral response. Virus-infected lung cells elicit alveolar macrophage migration by chemokine ligand 2 and receptor (CCL2-CCR2) interaction and induce apoptosis of this infected cells. CD200 receptor (CD200R) in macrophages interacts with CD200 expressed on alveolar epithelium and downregulates the inflammatory response, including inhibition of IL-6 and TNFα expression by macrophages. TCD8 cells, stimulated by IL-2 produced by TCD4 and IL27 released by macrophages, control the inflammatory response through IL10 production [6, 7] .
Multiple studies described obesity and pregnancy as highrisk factors for IAV infection [8, 9] . Besides respiratory disorders, obese patients may have immunological alterations. Adiponectin, which reduces the activity of macrophages, is produced in smaller quantities in obese individuals [10] . Thus, the inflammatory response in an obese person infected by IAV may be amplified through high levels of proinflammatory cytokines. Pregnant women [7, 8] also have low levels of adiponectin. 
Pulmonary bacterial coinfection/superinfection
There is a proven relationship between influenza virus and bacterial infections, e.g., those caused by the pneumococcus, which is codetermined by immune factors, age, and comorbidities and bacterial sero-or genotype. During even low-level influenza epidemics, all hospitalized patients with pneumococcal pneumonia need additional and urgent influenza diagnostics [11] . Early IAV infection reduces susceptibility to superinfection by the creation of an environment rich in IL13, which does not inhibit the production of interferon-γ (IFNγ). Thus, phagocytosis and bacterial clearance is favored. Progression of IAV infection results in an increased susceptibility to secondary infection [12] , also including Staphylococcus aureus, Haemophilus influenzae, and Aspergillus spp. Type I IFN, produced in response to IAV infection, results in an inhibition of synthesis of IL1B and IL23, and IL17 and IL22 release, reducing the production of antimicrobial peptides. It also reduces the level of neutrophil chemoattractants, such as chemokine (C-X-C motif) ligand 1 and 2 (CXCL1 and CXCL2), and can induce neutrophil extracellular traps (NETs) and IFNγ and IL10 production [13] .
Biomarkers of severe respiratory organ failure
Since clinical judgment has often been proven inadequate to define infection severity, interest in the use of biomarkers is growing. It is well known that, if used appropriately, they can be a helpful tool to predict both severity and mortality. Respiratory failure decides the course of the disease and non-specific factors, such as mechanical ventilation and APACHE II and SOFA scores, were related to poor prognosis [14] . The development of a specific host (or pathogen) marker for severity in IAV infection obtained quickly would be a substantial benefit.
The TRIAGE Study [15] has recently shown that the combination of mid-regional pro-adrenomedullin (MRproADM) and clinical information defines more significantly the power of severity stratification and the need for ICU admission. In community-acquired pneumonia, MR-proADM was a good biomarker for predicting short-term mortality assessed by a systematic review and meta-analysis [16] . Although the utility of this biomarker in IAV pneumonia has not been previously studied, recently, at the LIVES 2015 Congress, we reported that MR-proADM plasma levels as measured in the emergency department (ED) in adults with IAV pneumonia, without bacterial coinfection, was an effective tool to anticipate the risk of mortality and need for mechanical ve ntilation, being even m ore usefu l t han procalcitonin (PCT) or C-reactive protein (CRP).
Similarly, HLA-DR expression in monocytes and ferritin levels in the ED identifies unfavorable evolution and elevated risk of mortality in patients with IAV pneumonia [17, 18] . PCT measurement potentially assists in the discrimination between severe lower respiratory tract infections of bacterial and IAV origin. In patients admitted to the ICU with IAV pneumonia, PCT is a sensitive marker with a good negative predictive value for the detection of bacterial infection and is superior to CRP. Low PCT values, particularly when combined with low CRP levels, suggests absence of bacterial infection, alone or in combination with influenza [19] [20] [21] .
In unvaccinated patients, low anti-H1N1 2009 antibody titers as early as day four after the first influenza symptoms can predict death from fulminant infection. This low level of specific antibodies in the blood does not reflect B-cell deficiencies or an inability to produce antibodies, but reflects instead the trapping of anti-influenza antibodies in immune complexes in the lungs. This suggests that serum antibody to the hemagglutinin (anti-HA) may be used as a marker to predict outcomes in patients infected by IAV [22] .
In children, increased monocyte chemotactic protein-3, IFN-a2, and plasma IL-10 levels in nasal samples at enrollment predicted progression to severe disease regardless of viral load and age. This inflammatory cytokine production is correlated significantly with monocyte translocation from the blood to the site of infection [23] . High serum levels of cytokines can coexist with marked innate immune suppression in children with severe influenza. Severe, early innate immune suppression is highly associated with both S. aureus coinfection and mortality in this population. Multicenter innate immune function testing is feasible and can potentially better identify these high-risk children.
Immune response modulation, a potential therapeutic in IAV patients
In infectious diseases, immunomodulation decreases excessive levels of key response factors or molecules, even increases at a low level, and keep the levels adequate in a particular situation. Restoring an immune response that is decreased or enhancing a normal response may increase resistance to infection, reduce its severity, or shorten its recovery period. The role of adjunctive immunosuppressive therapies in pneumonia has been assessed with broad and well-known commercial agents, such as statins or macrolides. Statins have shown anti-inflammatory activity and negative effects on virus replication, an aspect of great interest. N-acetylcysteine has also been shown to be useful in controlling inflammation without increasing viral replication, but there is not enough data in the current literature to justify its clinical use. Selective use of cyclooxygenase-2 (COX-2) inhibitors, which include the most commonly used anti-inflammatory drugs, is controversial and this is not recommended. Macrolides have been shown to display in vitro and in vivo beneficial antiinflammatory effects, but these effects have not been reproduced in humans with severe influenza [24] . Adjunctive therapies aimed at modulating increased inflammatory or hypercoagulation states are potential coadjunctive treatments for severe pneumonia.
Recent large and confirmatory randomized controlled trials among patients with bacterial pneumonia suggest that there are subgroups of patients that could theoretically benefit from steroid use [e.g., patients with acute respiratory distress syndrome (ARDS) or relative adrenal insufficiency] and promising new information is still forthcoming. However, in IAV, steroid use seems to stimulate the replication of the virus and, consequently, it has a detrimental effect, increasing superinfections, and its use must be avoided [24] [25] [26] .
The emergence of resistance to current antiviral drugs increases the need for new therapies. An antiviral used as single dose, a combination of antivirals in pneumonia, and adjunctive immune therapy using antibodies are promising alternatives. Experimental administration of monoclonal antibodies (mAb) showed increased survival, attenuation of histological changes, and a milder inflammatory and oxidative response in the lungs. Newer antivirals and mAb are currently in various stages of clinical development and, in the near future, may provide useful new tools against the threat of rapid IAV evolution [27] .
Conclusion
Influenza A virus (IAV) infection evolves into severe respiratory failure in some patients, correlated with an exaggerated inflammatory response. At this stage, the mortality rate remains high despite a correct antiviral treatment and additional oxygenation strategies. It is essential to find specific predictive markers for such severity in IAV infection, with the ability to predict a high risk for complications and associated mortality. We need predictors of host response and we need to move measuring lactate to proteomics and transcriptomics. In severe IAV infection, death is a result of pathogenic dysregulation of the immune response. Anti-inflammatory therapies focused on modulating this response to Ball patients^have not been satisfactory. Early (single-dose?) antiviral and monoclonal antibodies (mAb) adjunctive therapies represent promising future strategies to improve outcomes in IAV pneumonia. Future research demonstrating the usefulness of adjunctive therapy in a subset of critically ill patients with IAV pneumonia is an unmet clinical need.
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